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SUGGESTION TO INCREASE THE
TRANSVERSE DAMPER EFFICIENCY
W. HOEFLE a,*, LN. IYANOy b, R. LOUWERSE a
and Y.A. MELNIKOy b
a CERN, SL Division, 1211 Geneva 23, Switzerland; b JINR, Dubna, Russia
(Received 5 March 1997)
The realisation of wide band transverse feedback systems for modern accelerators
poses several technical problems. Non-linear damping with step like transfer functions
offers the possibility to increase the damping efficiency and eases fhe requirements for
the power generating device.
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1 INTRODUCTION
The power and bandwidth requirements for transverse feedback sys-
tems for modern high energy accelerators grow continuously. Usually
power amplifiers with a linear characteristic are employed, which
become more and more difficult to realise as the bandwidth and kick
strength increase at the same time. By using a non-linear system with
a step like transfer function (measured beam position vs. applied
kick) we can show that the efficiency is increased and the require-
ments on the output device eased.
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2 THE TRANSFER FUNCTION
We had two basic starting points for our research.
• Most transverse feedback systems, like in the SPS, use digital elec-
tronics (filters, delays, etc.) for signal processing. Thus the transfer
function already has a quasi-linear step character. This feature is
essential for the noise properties in the range of small oscillations
(small signals from beam position monitors).
• The so-called "bang-bang" regime is a well-known way to increase
the efficiency. Its transfer function consists of a linear part for
small amplitude oscillations (below a predefined threshold) and a
high fixed level gain for large oscillations.
The basic idea of the approach discussed here is to eliminate the
linear regime, \Yhich is in any case step like because of the digital
processing used. Instead "bang-bang" with a constant kick strength is
employed for small amplitudes, too. We can use the value of the least
significant bit (LSB) of the digital processing as a first threshold,
when a kick should be applied. For very large oscillations the max-
imum possible kick should be used, which does not over-correct the
beam oscillations. Thus at least two steps are required. In practice
the necessary number of steps depends on the ratio of the maximum
initial amplitude, the sensitivity of the system and the required damp-
ing rate. Estimations show that 2-3 steps should be enough for effi-
cient damping in existing machines and for future projects.
We shall call the operation in a regime with steps only, the "logical
regime". Different transfer characteristics are compared in Figure 1.
We did some preliminary estimations of the non-linear damping
regime. It is impossible to solve the equations for logical damping
analytically, instead we used iterations in the simulations. The ele-
mentary rigid bunch model was used for calculations. The optimum
phase advance for damping was assumed between the beam position
monitor and the deflector. The influence of the resistive instability
and the decoherence was accounted for at each iteration.
Figure 2 presents the results of a simulation of injection error
damping. For a linear system the decay is exponential with an e-fold-
ing time of 31 turns, and for the logical mode we have an equivalent
damping time of 15 revolutions. The decay is linear and very steep
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FIGURE 2 Simulations of injection errors damping.
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during the initial part of damping when the full kick is applied, and
flat once the oscillation is below a certain threshold and hence in the
small signal regime.
3 TEST
We tested the non-linear damping mode in the SPS. A special analo-
gue function block (Figure 3) introduces the necessary steps into the
transfer characteristic. The threshold levels were adjustable. To mea-
sure the e-folding time a special technique was used, which allowed
comparison of the different operating modes and the dynamics of
damping in detail. We adjusted the levels for optimum damping. The
transfer characteristic is displayed in Figure 4.
The linear damping gives an e-folding time of approximately
800 ms, and for logical damping 250 ms equivalent damping time
under otherwise equal conditions were measured.
There are two main results of this test:
• The introduction of a step transfer characteristic into the damping
loop provides fast damping of initial oscillations with large
output






FIGURE 3 Transfer characteristic of the function block used in the experiments.
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FIGURE 4 The realised transfer characteristic for the experiments.
amplitudes and indeed keeps the beam stable in the range of small
amplitudes (near the sensitivity threshold) .
• Compared to an entirely linear system without "bang-bang"
regime the required voltage on the deflector (and the correspond-
ing power of the output device) can be reduced.
Pulse generators or switched sources with fixed amplitude seem to
be easier to realise than high power high bandwidth linear amplifiers.
In a pulsed system bandwidth requirements are replaced by the re-
quirements on the signal rise time. The requirements for phase linear-
ity in a linear system correspond to the synchronisation requirements
in a pulsed system. Synchronisation is a straight forward problem
and solutions to distribute the necessary signals exist for other appli-
cations in modern accelerators. Moreover, the average power load is
much lower in a pulsed system than with linear amplifiers. This redu-
ces the air or water cooling required inside the tunnel.
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A transverse feedback system with steps in the transfer function is
more efficient than an entirely linear system. The non-linear regime
has attractive properties and needs a detailed investigation.
The program of such investigations should focus on two problems:
• The analysis of the emittance growth in the presence of the steps in
the non-linear feedback. A numerical simulation with a statistical
ensemble of particles is necessary for such a task. The emittance
increase due to the dynamics for small oscillations (near the sensi-
tivity threshold) is very important. Note, that this problem is also
present in linear systems with digital processing of the signal.
• The design of the power output device needs to be studied. In par-
ticular a flexible system would be interesting, which can work in
both regimes - as a linear amplifier and as a pulser. This solution
would allow us to have linear damping as well as the non-linear
regime with all its advantages.
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